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Abstract
Herbivore-induced defenses in plants save energy in the absence of herbivory (Karban et al. 1997).
Despite this, Passiflora biflora has not been shown to have short-term induced defenses in past studies
(Baptiste 2002). P. biflora might have a slower reaction to chronic herbivory either through greater leaf
toughness or greater cyanide concentrations. To test this, leaves from three sites were assessed for
herbivory defense. The first two sites were butterfly gardens with high and low populations of butterflies
from the genus Heliconius, for whom Passiflora vines are the host plant. Defense levels were compared
with nearby plants outside the garden at a third site. Light intensity, percent herbivory, leaf toughness, and
cyanide were measured at each site to quantify herbivory defense. Light intensity was significantly higher
in the garden with lower Heliconius populations (p=0.0086). Herbivory, measured by number of
caterpillars encountered, was significantly higher in the garden with high Heliconius density. Leaf
toughness was significantly lower at the roadside site (p=0.0231), but similar for the two butterfly gardens.
Cyanide concentrations were significantly lower in the garden with fewer Heliconius, compared to the
other two sites (p=0.002). While the cyanide concentration for vines outside the garden was higher, low
leaf toughness there indicates younger vines, which are reported to have higher cyanide content (Magee
1995). Both gardens had similar leaf toughness, indicating similar age, yet significant differences in
cyanide content. This implies that at higher and chronic levels of herbivory, Passiflora biflora shows
induced defenses to herbivory.

Resumen
Las defensas de las plantas inducidas por la herbivoría ahorran energía en ausencia de herbivoría (Karban
et al. 1997). A pesar de esto, no se ha demostrado que Pasiflora biflora tenga ninguna defensa inducida a
corto plazo (Baptiste 2002). Puede ser que P. biflora presente una reacción más lenta a la herbivoría
crónica, ya sea debido a la mayor dureza de sus hojas o a sus mayores concentraciones de cianuro. Se
recolectaron hojas de tres sitios diferentes y se analizaron para medir la defensa a la herbivoría. Los
primeros dos sitios fueron jardines de mariposa con poblaciones altas y bajas de mariposas del género
Heliconius para las cuales las enredaderas de Passiflora son las plantas anfitrionas. Los niveles de defensa
se compararon con plantas en las afueras del jardín. La intensidad de la luz, el porcentaje de herbivoría, la
dureza de las hojas, y la concentración de cianuro se midieron en cada sitio para cuantificar la defensa a la
herbivoría. La intensidad de la luz fue significativamente más alta en el jardín con poblaciones bajas de
Heliconius (p=0.0086). La herbivoría, medida de acuerdo con el número de orugas encontradas, fue
significativamente más alta en el jardín con densidad alta de Heliconius. La dureza de las hojas fue
significativamente más baja en el sitio al borde de la carretera (p=0.0231), pero este parámetro fue
semejante en los dos jardines de mariposa. Las concentraciones del cianuro fueron significativamente más
bajas en el jardín con menos Heliconius, en comparación a los otros dos sitios (p=0.002). Mientras que la
concentración de cianuro para las enredaderas fuera del jardín fue más alta, una menor dureza de hojas en
ese sitio indicó que las enredaderas allí eran más jóvenes y, por lo tanto, contenían una concentración más
alta (Magee 1995). Los dos jardines tuvieron durezas de hojas semejantes, lo que indicó que tenían edades
semejantes pero, sin embargo, presentaban diferencias significativas en su contenido de cianuro. Esto
implica que a niveles más altos y crónicos de herbivoría, Pasiflora biflora muestra defensas inducidas a la
herbivoría.

Introduction
Plants in the Tropics are subject to greater herbivory than those in temperate regions.
This is because of an increased abundance of herbivores, and these herbivores are active
yearlong. Plants have, therefore, evolved increased chemical, mechanical, and
pheneological defenses against herbivory (Coley and Barone 1996; Coley and Aide
1991). Defenses include delayed greening, increased leaf toughness, low nutritional
levels, alkaloids, or secondary compounds, and extra-floral nectaries. Induced defenses
are beneficial to plant physiology because they do not waste energy when they are not
needed. If no herbivory is present, the plant may redirect this energy from defense to
growth and reproduction (Karban et al.1997). For example, Asclepias spp,
(Asclepiadaceae) have higher concentrations of alkaloids if fed upon by Danaus
plexippus monarch larvae (Karban and Baldwin 1997).
The passion vines in the genus Passiflora (Passifloraceae) are host plants for
butterflies in the genus Heliconius (Gilbert 1983). Heliconius butterflies lay their eggs on
Passiflora vines and growing larvae feed on the leaves. Passiflora have evolved ways to
deter these butterflies, including mimicking butterfly eggs with ‘egg spots’, variable leaf
shape, and extra-floral nectarines (Anderson 2002, Gilbert 1983). Vines have also
adapted other defenses such as leaf toughness and cyanide content (Spencer 1988). The
butterfly larvae, in turn, have evolved ways overcome the defenses and feed on the
leaves.
Induced cyanide production in Passiflora biflora has not been shown. A previous
study measured the cyanide concentration two days after artificially-induced leaf damage
(Baptiste 2002). It was thought that P. biflora might have a slower response to herbivore
damage and increase defenses only if there is a larger or more chronic damage from
herbivores. Here, I report that Passiflora biflora vines in an area with more Heliconius
have higher concentrations of cyanide but equal greater leaf toughness, than do
Passiflora biflora vines in an area with fewer Heliconius.

Methods
Three sites were used for data collection in this study. Two were enclosed
gardens within the Monteverde Butterfly Garden in Monteverde, Costa Rica. Site 1,
mimicking highland habitats, was a garden with low numbers of Heliconius spp.
butterflies. Site 2, mimicking lowland habitats, had a much larger population of
Heliconius butterflies. While exact numbers of individuals of each species is unknown,
observed Heliconius densities at Site 2 was obviously higher than at Site 1. Density of
caterpillars at Site 2 was also much higher than at Site 1. Site 3 was located in a shaded
open area next to a road across the street from the Monteverde Butterfly Garden, on the
property of Bosque Eterno de los Niños. Passiflora biflora occurred in all three sites.
Heliconius spp. butterflies occurred in both garden sites, with Heliconius dysonymus at
Site 1 and Heliconius hewitsoni at Site 2. Data collection took place between 21 April
and 09 May 2005. Light intensity was read at each site with a light meter, as it has been
shown that increased light availability may increase Passiflora’s cyanide production
(Magee 1995).

Two-cm2 sections of each of twenty leaves were collected from five vines in each
of the three sites. Of 20 leaves, 10 were young (between the 1st and 5th leaves from the
tip) and 10 were mature (further than 10 leaves from the tip). To ensure consistency, the
1st, 4th, 10th and 13th leaves were always chosen if possible (plus or minus one leaf, if
available leaf was absent or too small for cyanide detection). All leaves were placed in
separate plastic bags.
Percent herbivory was calculated using an herbivory grid. A transparent
herbivory grid was placed on top of each leaf and an outline was drawn. Squares that
were absent were counted and the squares of the leaf after herbivory were divided from
number of squares of entire original amount. In addition, I counted the number of
caterpillars present on each of 20 vines from each site. Toughness was measured using a
leaf penetrometer. Each leaf was placed in the leaf penetrometer and a vile was placed
on top. Water was added to the vile until the leaf penetrometer was able to penetrate the
leaf. The water was then weighed and recorded.
Cyanide was detected using a Sodium Picrate Test (Siegler 1991). This test
involves crushing up the leaf sample, placing it into a vile, and dropping three drops of
Toluene on the crushed leaf. A 1 x 6 cm strip of Watman No. 1 filter paper that had been
soaked in a sodium picrate solution was then placed in the vile above the leaf and held in
place by the vile lid. The samples were then placed in a warm box where they were kept
at about 33º C for 2 hours. Afterwards the strips, which change from yellow to purple in
the presence of cyanide, were soaked for 30 seconds in distilled water. The color
absorbance, which indicates the amount of cyanide, was then read on a
spectrophotometer set at 540nm. A low percent transmittance indicated a high
concentration of cyanide. Cyanide concentration in µg per 25 mg of leaf was calculated
using a standard curve of cyanide concentration of percent transmittance (Figure 1).

Results
I then took the values and ran an Analysis of Variance (ANOVA) to see if the values
between sites were significantly different. I ran the same test on the percent herbivory
values, the leaf toughness values, and light amount values. I then ran a Tukey-Kramer
HSD means of comparison for all variables, to see which sites were significant from each
other. I ran a Chi-square test on the caterpillar data to see the amount of caterpillars at
the garden with a large population of Heliconius butterflies was higher than expected
when compared to the other sites.
I found that the light intensity between sites was significantly different (F=6.63,
df=2, P=0.0086). Site 1 had significantly higher light intensity than Sites 2 and 3
(Tukey-Kramer HSD, p<0.03?). Site 1 had an average light intensity of 12,894.67 Lux,
while Site 2 had an average light intensity of 902.67 Lux, and Site 3 had an average light
intensity of 3087.50 Lux (Figure 2). No significant difference was found between
herbivory of the sites measured with the herbivory grid (F=0.0698, df=2, P=0.9327)
(Figure 3). Because many Heliconius larvae eat entire leaves, I felt that the results did
not accurately portray the actual herbivory. Site 2 had many more fully eaten leaves that
I was not able to sample. A Chi-square test showed that the numbers of caterpillars were
different between the sites (X2=140.92, df=2). Site 1 had 1 caterpillar on 299 leaves

counted, Site 2 had 31 caterpillars on 133 leaves counted, and Site 3 had 0 caterpillars on
334 leaves counted (Figure 4).
There were significant differences between the sites in average leaf toughness
(F=4.0307, df=2, P=0.0231). A Tukey-Kramer HSD showed that Site 1 had a
significantly tougher leaves than Site 3. Site 2 however was not significantly different
from Sites 1 or 3. Average leaf toughness at Site 3 was the lowest at 68.04 g. The
average leaf toughness at Sites 1 and 2 were 100.95 g and 110.76 g respectively (Figure
5). Cyanide concentrations were significantly different between sites (F=6.9572, df=2,
P=0.002). A Tukey-Kramer showed that Site 1 was significantly lower than Sites 2 and
3. The average concentration for Site 1 was the lowest 1.26 µg/25mg of leaf. The
average for Site 2 was 5.78 µg/25mg, and the average for Site 3 was nearly equal at 6.51
µg/25mg (Figure 6).

Discussion
My results confirm that cyanide concentration is higher where plants are exposed to a
larger number of herbivores. However, leaf toughness was not greater with larger
populations of herbivores. While the roadside area had the greatest average cyanide
concentration, it also had lowest average leaf toughness. These two aspects indicate that
the vines on the roadside were younger. Young leaves of Passiflora normally have high
cyanide content and low leaf toughness (Magee 1995; Tajiboy 1885). Vines at Site 3
were also shorter than the vines in the enclosed gardens, suggesting that they were
younger.
It is important to note that Site 1 had the lowest cyanide concentrations even
though light intensity was higher there. Site 2 had significantly more cyanide even with
lower light. Similar leaf toughness, combined with significant differences in light
intensity, herbivory, and cyanide concentration between Sites 1 and 2, confirm that the
amount of herbivory does, in fact, impact the amount of cyanogenic compounds present
in leaves.
This study clearly demonstrates herbivore-induced defenses in Passiflora biflora
to differences in Heliconius herbivory. While other plants might show a more immediate
response to herbivory (Karban and Baldwin 1997), Passiflora biflora does show induced
defenses to chronic herbivore attack. It would be beneficial for future studies to duplicate
my study using the same species of Heliconius butterflies in all sites. This would control
for any variations between interspecies behaviors. This could also indicate if Passiflora
vines react differently to different species of Heliconius. Other studies could include
different species of Passiflora vines to see if induced herbivory is species specific or
shared among all species in the genus Passiflora. A study of the time line of the induced
defenses would also be helpful. It is known that defenses are not apparent in Passiflora
biflora within two days of leaf damage. However, studies measuring defenses at certain
points within a time scale of two weeks, one month, or longer, might shed more light on
the induced defenses of Passiflora biflora.
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Figure 1. Standard Curve of Cyanide Concentration to Percent Transmittance. Calculations of cyanide
concentrations in µg/25mg of plant material based on percent transmittance through a spectrophotometer.
Equation for curve: y=101.88+(-20.706*LOG(x)) R2= 0.879. Percent transmittance ranged from 30.5%
transmittance to 99.6% transmittance in 60 sampled leaves from P. biflora.
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Figure 2. Measure of average light intensity among P. biflora at three study sites. Site 1 has a significantly
higher average light intensity than Sites 2 and 3 (P = 0.0086). Site 1 has a large population of Heliconius
butterflies, Site 2 has a low population, and Site 3 has an unknown population. Site 1 has an average Lux of
12, 894.67, Site 2 has an average Lux of 902.67 and Site 3 has an average Lux of 3087.50.
______________________________________________________________________________________
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Figure 3. Measure of average percent herbivory among P. biflora at three study sites. There is no
significant difference between averages at each site. Site 1 has a large population of Heliconius butterflies,
Site 2 has a low population, and Site 3 has an unknown population. Site 1 has an average herbivory of
5.03%, Site 2 has an average herbivory of 4.03%, and Site 3 has an average herbivory of 3.88%.
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Figure 4. Amount of caterpillars counted at each Site. Site 1 has a large Heliconius population, Site 2
has a low population, and Site 3 has an unknown population. A Chi-square test reveals that there is
difference between the sites (X2= 140.92, df=2).
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Figure 5. Measure of average leaf toughness among P. biflora at three study sites. Site 3 has
significantly lower leaf toughness average than the averages at Sites 1 and 2 (P=0.0231). Site 1 has a
large population of Heliconius butterflies, Site 2 has a low population, and Site 3 has an unknown
population. Site 1 has an average leaf toughness (g) of 100.95g, Site 2 has average of 110.76g, and Site
3 has average of 68.04.
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Figure 6. Measure of average cyanide concentration (µg/25mg) among P. biflora at three study sites.
Site 1 has a significantly lower cyanide concentration average than the averages at Sites 2 and 3
(P=0.002). Site 1 has a large population of Heliconius butterflies, Site 2 has a low population, and Site
3 has an unknown population. Site 1 has an average cyanide concentration of 1.26µg/25mg, Site 2 has
average of 5.78µg/25mg, and Site 3 has average of 6.51µ/25mg.

